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Renewable energy technologies

Global CO2 reductions by technology 2013-2050
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Renewable energy technologies 

Rolf Wüstenhagen, available at www.Swissinfo.chPrognos, 2012

http://www.swissinfo.ch/
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Renewable energy technologies 

Before Now
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Renewable energy technologies 
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Renewable energy technologies

IEA: Energy Technologies Perspectives 2016, Paris, 2016
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Challenges

 Variability

 Renewable heat

 Renewable  transport

 Complexity of the future energy system

 Acceptance

 Cost

 Interdisciplinary challenge

 Uncertain public and policy support
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Variability

Pena-Bello et al., in preparation
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Variability

Parra, 2014, University of Nottingham

Renewable energy technologies do not offer 

matching capability.

• Flexible generation

• Demand side management

• Interconnection

• Curtailment

• Energy storage (ES)
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Complexity of future energy system

http://www.edsoforsmartgrids.eu/home/why-smart-grids/
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Adapted from Hart et al., IEA-RETD, 2016
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Energy storage

Generation

Renewable 
energy 

Management

Parra et al., 2016, Renewable & Sustainable Energy Reviews

•Demand load and 
generator

•Different applications 
and technologies

•Different scales
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Energy storage applications

The Economics of Battery Energy Storage 2015, Rocky Mountain Institute
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Energy storage applications

Technology Roadmap. Energy Storage 2014. International Energy Agency
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Energy storage Technologies

P. Taylor et al., Pathways for energy storage in the UK
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Energy storage Technologies

Technology Roadmap. Energy Storage 2014, International Energy Agency
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Energy storage Technologies

Electricity storage and renewables: Costs and Markets to 2030, IRENA

Mid-2017-Globally
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Energy storage Technologies

Electricity storage and renewables: Costs and Markets to 2030, IRENA

Global electro-chemical storage capacity
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Residential market-Germany
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Repayment grant for PV Battery Systems

Wissenschaftliches Mess-und Evaluierungsprogram Solarstrompeicher 2.0, J. Figgener et al. 
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Residential market-Germany

Wissenschaftliches Mess-und Evaluierungsprogram Solarstrompeicher 2.0, J. Figgener et al. 
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Switzerland
- 5 GWh of pumped-hydro capacity

- Leclanché: battery

Presentation from Marcel Jufer, EPFL
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Switzerland

Battery storage
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Switzerland-Canton Vaud

CHF 2000 + 400 CHF/kWh
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Swiss Competence Center in 

Storage- Phase I (2014-2017)

http://www.sccer-hae.ch/
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SCCER-STORAGE phase II (2017-

2020)
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UNIGE’s research

1. Life cycle cost and life cycle emissions

2. Combination of applications

3. Renewable heat and fuel

4. Analysis at various scales, namely local, 

district and national

5. Community scale
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Life cycle cost and emissions-Study 1

Parra et al., 2017, Energy



29

Dr. David Parra, April 12, 2018

• How the energy storage technologies compare with each other at 

different discharge time and system scales?

• How do key parameters affect the performance of storage?  

(costs, lifetime, round-trip efficiency, price & type of electricity)

Research questions

Focus: stationary electricity  storage

Target of assessment: 1 kWh of electricity supply from storage 

Performance Indicators: life cycle GHG emissions, levelized cost of electricity

?
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Variation of lifetime, efficiency, costs, electricity type 

and price

1 MW 

100 MW 
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Abbr

. 

Application Site Power 

[kW] 

Energy 

[kWh] 

Energy-to-

Power 

Ratio 

Usage 

[#cycles 

p.a.] 

Energy delivered 

[kWh p.a.] 

WA Wholesale 

Arbitrage 

Generation/ 

Grid site 
10,000 60,000 6 365 21,900,000 

AF Area & Freq. 

Regulation 

Generation/ 

Grid site 
10,000 5,000 0.5 176 880,000 

TD T&D Upgrade 

Deferral 

Grid site 
10,000 50,000 5 250 12,500,000 

PS Demand Peak 

Shaving 

C&I sites 
125 250 2 104 26,071 

SC Increase of 

Self-

Consumption  

Residential 

end-

consumer 

2.5 5 2 250 1,250 

 

485 g CO2/kWh 770 g CO2/kWh33 g CO2/kWh

Battery technologies

Different battery chemistries

Schmidt et al., in preparation
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Battery technologies

Findings

• Li-ion is the benchmark battery technology

• The life cycle cost of batteries depends on the system cost, while the life cycle 
emissions depend on the geography

• There are not trade-offs between the climate and economic dimension
Schmidt et al., in preparation
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UNIGE’s research

1. Life cycle cost and life cycle emissions

2. Combination of applications

3. Renewable heat and fuel

4. Analysis at various scales, namely local, 

district and national

5. Community scale
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Combination of applications

Parra and Patel, under review
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Combined applications

Parra and Patel, under review
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Parra and Patel, under review
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UNIGE’s research

1. Life cycle cost and life cycle emissions

2. Combination of applications

3. Renewable heat and fuel via power-to-

gas

4. Analysis at various scales, namely local, 

district and national

5. Community storage
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Power-to-gas
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Power-to-gas

Levelised cost for different cost components (both CAPEX and OPEX) as a 

percentage of the total for a 1 MW P2H system and a 1 MW P2M system 

capturing CO2 from the air.

Parra et al., 2017, Applied Energy
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Cost benefit analysis

Levelised value (CHF/MWht) and internal rate of return (%) associated which 

services provided by a 1 MW P2H and a 1 MW P2M system with CO2 capture 

from air.

Parra et al., 2017, Applied Energy
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Power-to-gas

Hassan et al., in preparation
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UNIGE’s research

1. Life cycle cost and life cycle emissions

2. Combination of applications

3. Renewable heat and fuel via power-to-

gas

4. Analysis at various scales, namely local, 

district and national

5. Community storage
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Role of energy storage at the national scale

Heat demand

Technology 

characterisation
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National-scale linear optimization model 
to in Switzerland (and neighbors)

M- Soini, in preparation
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UNIGE’s research

1. Life cycle cost and life cycle emissions

2. Combination of applications

3. Renewable heat and fuel via power-to-

gas

4. Analysis at various scales, namely local, 

district and national

5. Community storage
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Energy storage

Parra et al., 2016, Renewable & Sustainable Energy Reviews



47

Dr. David Parra, April 12, 2018

Community scale
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Storage team
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Outlook

Consumer Aggregator Utility company

PV

Stationary Battery 

Heat pump

Electric vehicles

Demand side 

management

Which decision will stakeholders (consumers) to 

manage PV?

- PV self-consumption enhancement

- Virtual storage-Incentives

- Battery storage
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Conclusions and discussion

1. The transition to a renewable-based energy system is 

possible

2. Interdisciplinary challenge

3. Energy storage development in the next decade key for 

renewable energy penetration and climate change mitigation

4. Further system integration with policy coordination to reduce 

uncertainty

5. Level the playing field for technologies

6. Stationary batteries are very close to profitability

7. Stakeholder involvement and trade-offs for accelerating 

acceptance

http://www.google.co.uk/imgres?imgurl=http://upload.wikimedia.org/wikipedia/en/thumb/9/9e/Flag_of_Japan.svg/225px-Flag_of_Japan.svg.png&imgrefurl=http://althistory.wikia.com/wiki/Japan_(Rossiskaya_Imperiya_KD)&h=120&w=180&sz=1&tbnid=7dVZ974PjHSHWM&tbnh=0&tbnw=0&prev=/search?q=japan+wiki&tbm=isch&tbo=u&zoom=1&q=japan+wiki&usg=__z7DLivY7xl0Y9YX0riI3I_g4t5Q=&docid=tWqAWjs2bqxhqM&sa=X&ei=AVeWUI28C6mY0QXgk4CADg&sqi=2&ved=0CHIQ1Rc
http://www.google.co.uk/imgres?imgurl=http://upload.wikimedia.org/wikipedia/en/thumb/9/9e/Flag_of_Japan.svg/225px-Flag_of_Japan.svg.png&imgrefurl=http://althistory.wikia.com/wiki/Japan_(Rossiskaya_Imperiya_KD)&h=120&w=180&sz=1&tbnid=7dVZ974PjHSHWM&tbnh=0&tbnw=0&prev=/search?q=japan+wiki&tbm=isch&tbo=u&zoom=1&q=japan+wiki&usg=__z7DLivY7xl0Y9YX0riI3I_g4t5Q=&docid=tWqAWjs2bqxhqM&sa=X&ei=AVeWUI28C6mY0QXgk4CADg&sqi=2&ved=0CHIQ1Rc
http://www.google.co.uk/imgres?imgurl=http://upload.wikimedia.org/wikipedia/en/thumb/9/9e/Flag_of_Japan.svg/225px-Flag_of_Japan.svg.png&imgrefurl=http://althistory.wikia.com/wiki/Japan_(Rossiskaya_Imperiya_KD)&h=120&w=180&sz=1&tbnid=7dVZ974PjHSHWM&tbnh=0&tbnw=0&prev=/search?q=japan+wiki&tbm=isch&tbo=u&zoom=1&q=japan+wiki&usg=__z7DLivY7xl0Y9YX0riI3I_g4t5Q=&docid=tWqAWjs2bqxhqM&sa=X&ei=AVeWUI28C6mY0QXgk4CADg&sqi=2&ved=0CHIQ1Rc
http://www.google.co.uk/imgres?imgurl=http://upload.wikimedia.org/wikipedia/en/thumb/9/9e/Flag_of_Japan.svg/225px-Flag_of_Japan.svg.png&imgrefurl=http://althistory.wikia.com/wiki/Japan_(Rossiskaya_Imperiya_KD)&h=120&w=180&sz=1&tbnid=7dVZ974PjHSHWM&tbnh=0&tbnw=0&prev=/search?q=japan+wiki&tbm=isch&tbo=u&zoom=1&q=japan+wiki&usg=__z7DLivY7xl0Y9YX0riI3I_g4t5Q=&docid=tWqAWjs2bqxhqM&sa=X&ei=AVeWUI28C6mY0QXgk4CADg&sqi=2&ved=0CHIQ1Rc
http://www.google.co.uk/imgres?imgurl=http://upload.wikimedia.org/wikipedia/en/thumb/9/9e/Flag_of_Japan.svg/225px-Flag_of_Japan.svg.png&imgrefurl=http://althistory.wikia.com/wiki/Japan_(Rossiskaya_Imperiya_KD)&h=120&w=180&sz=1&tbnid=7dVZ974PjHSHWM&tbnh=0&tbnw=0&prev=/search?q=japan+wiki&tbm=isch&tbo=u&zoom=1&q=japan+wiki&usg=__z7DLivY7xl0Y9YX0riI3I_g4t5Q=&docid=tWqAWjs2bqxhqM&sa=X&ei=AVeWUI28C6mY0QXgk4CADg&sqi=2&ved=0CHIQ1Rc
http://www.google.co.uk/imgres?imgurl=http://upload.wikimedia.org/wikipedia/en/thumb/9/9e/Flag_of_Japan.svg/225px-Flag_of_Japan.svg.png&imgrefurl=http://althistory.wikia.com/wiki/Japan_(Rossiskaya_Imperiya_KD)&h=120&w=180&sz=1&tbnid=7dVZ974PjHSHWM&tbnh=0&tbnw=0&prev=/search?q=japan+wiki&tbm=isch&tbo=u&zoom=1&q=japan+wiki&usg=__z7DLivY7xl0Y9YX0riI3I_g4t5Q=&docid=tWqAWjs2bqxhqM&sa=X&ei=AVeWUI28C6mY0QXgk4CADg&sqi=2&ved=0CHIQ1Rc


51

Dr. David Parra, April 12, 2018

51

Merci beaucoup

david.parra@unige.ch

https://www.unige.ch/efficience/efficiency/team/parra/

https://david-parramendoza.net/

@david_parramen

http://www.google.co.uk/imgres?imgurl=http://upload.wikimedia.org/wikipedia/en/thumb/9/9e/Flag_of_Japan.svg/225px-Flag_of_Japan.svg.png&imgrefurl=http://althistory.wikia.com/wiki/Japan_(Rossiskaya_Imperiya_KD)&h=120&w=180&sz=1&tbnid=7dVZ974PjHSHWM&tbnh=0&tbnw=0&prev=/search?q=japan+wiki&tbm=isch&tbo=u&zoom=1&q=japan+wiki&usg=__z7DLivY7xl0Y9YX0riI3I_g4t5Q=&docid=tWqAWjs2bqxhqM&sa=X&ei=AVeWUI28C6mY0QXgk4CADg&sqi=2&ved=0CHIQ1Rc
http://www.google.co.uk/imgres?imgurl=http://upload.wikimedia.org/wikipedia/en/thumb/9/9e/Flag_of_Japan.svg/225px-Flag_of_Japan.svg.png&imgrefurl=http://althistory.wikia.com/wiki/Japan_(Rossiskaya_Imperiya_KD)&h=120&w=180&sz=1&tbnid=7dVZ974PjHSHWM&tbnh=0&tbnw=0&prev=/search?q=japan+wiki&tbm=isch&tbo=u&zoom=1&q=japan+wiki&usg=__z7DLivY7xl0Y9YX0riI3I_g4t5Q=&docid=tWqAWjs2bqxhqM&sa=X&ei=AVeWUI28C6mY0QXgk4CADg&sqi=2&ved=0CHIQ1Rc
http://www.google.co.uk/imgres?imgurl=http://upload.wikimedia.org/wikipedia/en/thumb/9/9e/Flag_of_Japan.svg/225px-Flag_of_Japan.svg.png&imgrefurl=http://althistory.wikia.com/wiki/Japan_(Rossiskaya_Imperiya_KD)&h=120&w=180&sz=1&tbnid=7dVZ974PjHSHWM&tbnh=0&tbnw=0&prev=/search?q=japan+wiki&tbm=isch&tbo=u&zoom=1&q=japan+wiki&usg=__z7DLivY7xl0Y9YX0riI3I_g4t5Q=&docid=tWqAWjs2bqxhqM&sa=X&ei=AVeWUI28C6mY0QXgk4CADg&sqi=2&ved=0CHIQ1Rc
http://www.google.co.uk/imgres?imgurl=http://upload.wikimedia.org/wikipedia/en/thumb/9/9e/Flag_of_Japan.svg/225px-Flag_of_Japan.svg.png&imgrefurl=http://althistory.wikia.com/wiki/Japan_(Rossiskaya_Imperiya_KD)&h=120&w=180&sz=1&tbnid=7dVZ974PjHSHWM&tbnh=0&tbnw=0&prev=/search?q=japan+wiki&tbm=isch&tbo=u&zoom=1&q=japan+wiki&usg=__z7DLivY7xl0Y9YX0riI3I_g4t5Q=&docid=tWqAWjs2bqxhqM&sa=X&ei=AVeWUI28C6mY0QXgk4CADg&sqi=2&ved=0CHIQ1Rc
http://www.google.co.uk/imgres?imgurl=http://upload.wikimedia.org/wikipedia/en/thumb/9/9e/Flag_of_Japan.svg/225px-Flag_of_Japan.svg.png&imgrefurl=http://althistory.wikia.com/wiki/Japan_(Rossiskaya_Imperiya_KD)&h=120&w=180&sz=1&tbnid=7dVZ974PjHSHWM&tbnh=0&tbnw=0&prev=/search?q=japan+wiki&tbm=isch&tbo=u&zoom=1&q=japan+wiki&usg=__z7DLivY7xl0Y9YX0riI3I_g4t5Q=&docid=tWqAWjs2bqxhqM&sa=X&ei=AVeWUI28C6mY0QXgk4CADg&sqi=2&ved=0CHIQ1Rc
http://www.google.co.uk/imgres?imgurl=http://upload.wikimedia.org/wikipedia/en/thumb/9/9e/Flag_of_Japan.svg/225px-Flag_of_Japan.svg.png&imgrefurl=http://althistory.wikia.com/wiki/Japan_(Rossiskaya_Imperiya_KD)&h=120&w=180&sz=1&tbnid=7dVZ974PjHSHWM&tbnh=0&tbnw=0&prev=/search?q=japan+wiki&tbm=isch&tbo=u&zoom=1&q=japan+wiki&usg=__z7DLivY7xl0Y9YX0riI3I_g4t5Q=&docid=tWqAWjs2bqxhqM&sa=X&ei=AVeWUI28C6mY0QXgk4CADg&sqi=2&ved=0CHIQ1Rc
mailto:david.parra@unige.ch
https://www.unige.ch/efficience/efficiency/team/parra/
https://david-parramendoza.net/
mailto:david.parra@unige.ch

